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Field of the Invention 



Background of the Invention 

the useful life of structures such as hiohwavs bridnf n» L weathenn 9 of concrete substantially shortens 
sonry substrates to wate an I J nnlT' b " dges ' park,n 9 ram P s and thelike. Exposure of wood and ma- 
aesthetic appea! even before it i Z^JSr^T" lhe lfe ° f the product and reduce ite 
resin, such as an eZy^JJ^en^TJ^ " 0ften S6a,ed with a 

desirably alter the Jpi B S^^^^ h ,n- ^ are ° ften quite ex P ensive and may un 
vent^^^ 

*ProvTp^ 

compositions are undel rab e b e^ 

resultant health problems associated wS, I the S °' VentS upon the atm °sPhere and the 

Philic balance (HLB) value from 4 to SI^JjET* emUlS * yin9 a9ent ^ an ^philic-iipo- 
drolyzed a.kyi trialkoxy si.anes. Maye, JSlSSS^S!^ SO,Utions "y- 

easily aspersed in water to form .^^^222 ° r9an ° S '' lane which b 

-SrSSS^r? treatmentS ' «P-d or water- 
tenals. Also, many of these sZe^n. ^ ^^Performance comparable to solvent delved ma- 
lane materials m/y J^S^^Si P °° r Addi «- a « y . «* ^ 

P .ica«o a n n s^t ZTJ:lVZZT Ve ^ " — - ^"9 agents in other ap- 
3,427.336 to Tiers discuses the use ^1^' WindShie,dS " F °' eXamp ' e ' U S " Patent N ^er 
pellents on glass. Simi.arly, U S organosilanes as oil, water and ketone re- 

t hat r in a ,w molecu.ar weight J^:^^^^™^^ — nt 

verse effects associated with solvent Abased S!T T u ^ com P ounds whicn eliminate the ad- 
waterborne chemicals, and %^^ l ^T^^ hm, * < * 
"--PP'Vthispro^^ 

Summary of Invention 

a protected substrate. In adaS these s^ne c^ooIhI f^" 955 and e " hanCe the deanabi,it y " 
associated with solvent based systems com P° unds el'm.nate many of the adverse ecological impacts 

distinc" are a condensation product, in part, of 

product comprises a three dKXiSSE^ functionalities - The a "ane condensation 

amixture of precursors or astde^ 

and is represented by the 7J!o2ltm^ * ^ "** Pr ° VideS Pr ° t6Cti0n to a porous sub «trate 
where: (R,) ^ R ^( R 3)cXSi(Z>,f(Y)Si(R 4 ) d (R s ) e( R 6 ) f]m 
R, is a group containing at least one hydrophilic functionality; 
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R 2 is a group containing at least one hydrophobic functionality; 
R 3 is a group containing at least one oleophobic functionality; 
R4 is a group containing at least one hydrophilic functionality; 
R 5 is a group containing at least one hydrophobic functionality; 
5 Re is a group containing at least one oleophobic functionality; 

X is a connecting group which preferably contains at least one nitrogen. 
Y is -O- or (RyKReHSiOJq where q is 0, 1 , 2 ....; 

wherein R 7 and R& are selected from a lower alkyl, fluorinated lower alkyl or aromatic 

group(s); 

10 Z is H, -OH or a moiety hydrolyzable to -OH; 

m and n are 0, 1, 2, 3 and m + n = 3; 

a is 0, 1 , 2, 3; 

bis 0,1,2, 3; 

cis 0,1,2,3; 
15 where m=0, a, b, c, ^ 1 ; 

where m^1, 

d is 0,1,2 ; 

e is 0, 1, 2 ; 

f is 0,1,2 ; 

20 a + b + c + d + e + f^3, where 

a + d = 1 or more; 

b + e = 1 or more; and 

c + f = 1 or more. 

For the purposes of this application, it. should be understood that the groups (Ri-Re) can be connected 
25 to X through another R moiety. For example, can be connected to X indirectly through R z 

The present invention also includes delivering the compound as an aqueous dispersion. If desired, the 
compound can also be delivered as a neat material or diluted with a solvent 

The present invention further includes a method of treating the porous substrate with the compound. 

30 Detailed Description of the Present Invention 

The silane compounds of the present invention are condensation products of distinct moieties having hy- 
drophobic, oleophobic and hydrophilic functionalities. 

The X moiety is a connective group which provides a means to link the silicon atom(s) to the hydrophobic, 

35 oleophobic and/or hydrophilic containing groups. This connective group may be an aliphatic group, an aromatic 
group or an aliphatic group comprising a multi-ligand atom. Examples of suitable aliphatic groups include con- 
densation products of polyols and representative examples of aromatic groups include phenyl, benzyl, and alkyl 
benzyl moieties. Preferably, X comprises one or more nitrogen-containing aliphatic groups. For example, the 
nitrogen-containing group can be an amine, which is linked to the hydrophilic, hydrophobic and/or oleop ho bic- 

40 containing group(s) by means, for example, of a Michael addition reaction between the amino nitrogen atom 
and a reactive olefinic functionality connected to the hydrophilic, hydrophobic and/or oleophobic group(s). Al- 
ternatively, the linkage between the nitrogen and the hydrophilic, hydrophobic and/or oleophobic groups may 
be achieved by a reaction of the amino nitrogen with an isocyanate functionality connected to the hydrophilic, 
hydrophobic and/or oleophobic groups. In another preferred embodiment, X can also be a polymeric carbon 

45 backbone such as the carbon backbone of a polyacrylate. It is also contemplated that a hydrophilic, hydro- 
phobic and/or oleophobic group can be connected through another oleophobic, hydrophobic or hydrophilic moi- 
ety. For example, the hydrophobic moiety can be connected to X or indirectly through the hydrophilic moiety. 

Ri and R4 are groups having hydrophilic properties comprising functional groups containing heteroatoms 
such as oxygen, nitrogen or sulfur. These functional groups typically comprise: -C0 2 H, -CO- 2 , -S0 3 H, -SO- 3 , 

50 or -OH. Other hydrophilic groups include polyalkylene oxide groups, such as polyethylene oxide, protonated 
amines and quaternary compounds. These hydrophilic groups can be introduced into the silane compound by 
utilizing a precursor which contains a reactive olefinic functionality. Examples of suitable monomers include 
acrylic acid or other unsaturated carboxylic acids; sulfonated monomers such as 2-acrylamide-2-methyl pro- 
pane sulfonic acid and its salts (commercially available as AMPS from Lubrizol Corp.); 3-sulfopropyl acrylate 

55 salts (commercially available from Aldrich Chem.); and acrylic monomers containing polyalkylene oxide groups 
such as polyethylene glycol (400) diacrylate (Sartomer 344 available from Sartomer). Alternatively, the hydro- 
philic group may be introduced as an isocyanate functional moiety such as the reaction product of 1000 mo- 
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lecular weight polyethylene glycol with toluene diisocyanate to produce a diisocyanate functional hydrophilic 
moiety which can be attached in like manner. 

R 2 and Rj are groups containing at least one hydrophobic functionality and comprise an aromatic or ali- 
phatic moiety. Representative examples of aromatic moieties include phenyl, benzyl, and alkyl benzyl moieties 
Preferably, the hydrophobic groups comprise an aliphatic group comprising four or more carbon atoms Gen- 
erally, carbon chains of 50 carbons or less are most useful although upperlimits are set by workable viscosities 
By a workable viscosity, it is understood that the compound or the dispersion should exhibit a sufficiently low 
viscosity, so that it can be coated onto and penetrate into a porous substrate. These functional groups can be 
introduced into the compounds of the invention through the use of precursors such as isooctyl acrylate, oc- 
tadecyl acrylate, hexamethylene diisocyanate or higher molecular weight diisocyanates such as "DDI" 141 0 
a C x diisocyanate available from Henkel Corp. 

R 3 and are groups containing at least one oleophobic functionality. Suitable oleophobic compounds in- 
clude a class of fluoroaliphatic group represented by the following formula: 

RrQ- 

R, is a fluoroaliphatic group which contains from 3 to about 20 carbon atoms, and most preferably from 
about 6 to about 14 carbon atoms. The perf luorinated group can contain straight chain, branched chain or cycl ic 
alkylene groups or combinations thereof. The perfluorinated alkyl group can, optionally, contain catenary het- 
ero atoms such as oxygen, nitrogen, divalent or hexavalent sulfur. It is preferred that the perfluorinated alkyl 
group contain from about 40% to about 78% fluorine by weight and more preferably from about 50% to about 
78% fluorine by weight The terminal portion of the perfluorinated alkyl group should comprise at least 7 flu- 
onne atoms, e.g. CF 3 CF 2 CF r , (CF 3 ) 2 CF-, -CF^Fj, or the like. Perfluorinated aliphatic groups (i.e., those of 
the formula C n F 2n+1 ) are the most preferred embodiments of the perfluorinated alkyl moieties. 

Q is a linking group, or a covalent bond, which provides a means to link R f with the connecting group X or 
a hydrophilic or hydrophobic group. The linking group Q, can comprise a hetero atom-containing group, e.g. 
a group containing -S-, -0-, and or -NR- , or a combination of such groups, for example, -CO- -CONR- SCV 
-SO z -N(CH 3 )-, -C 3 H 6 CI-, -CONR-, SCV, -S0 2 N(CH 3 )-, -OCjH,-, -CH*,- where n is 1 to 6. 

In addition, the perfluorinated alkyl moiety can be connected to X by using monomers such as ethyl per- 
fluoro octyl sulfonamide ethyl acrylate prepared as described Example 3 of U.S. Patent No. 2,803,615 which 
is herein incorporated by reference except that acrylic acid was used instead of methacrylic acid. Another use- 
ful monomer is the reaction product of perfluorooctyl sulfonyl fluoride prepared as described in Example 5 of 
U.S. Patent No. 2,732,398, which is herein incorporated by reference, that can react with an amine functional 
connecting group, such as where X equals a primary or secondary amine. Another way of incorporating the 
oleophobic group into the compounds of the invention is to react an isocyanate-functional fluorine-containing 
moiety with a connecting group containing a primary or secondary amine or an alcohol functional group An 
example of this alternative is the reaction of N-ethyl-N-2-hydroxyethyl perfluoro octane sulfonamide, the prep- 
aration of which is described in Example 3 of U.S. Patent No. 2,803,656, with toluene diisocyanate to form an 
isocyanate-functional monomer. 

Other oleophobic groups suitable for use in the materials of the present invention include oligomers of tet- 
rafluoroethylene and hexafluoropropene disclosed in U.S. Pat. No. 2,918,501 incorporated herein by refer- 
ence, which through additional chemical reactions, can be modified to produce silane functional materials 

Zisa hydrogen, hydroxy group or any group readily hydrolyzable to a hydroxy functionality. For example 
Z may be a halogen, or ORg wherein R* is hydrogen, a lower aliphatic group, silane or silicon atom. 

Y is a connective group which can comprise an oxygen or a compound having the formula- 

(Re)(R 7 )(SiO) q 

where q is 0, 1, 2, ... and R 7 and R« are hydrogen, hydroxyl, lower alkyl groups such as methyl, ethyl, propyl 
and butyl groups, fluorinated lower alkyl groups or aromatic groups. 

The amounts of the hydrophilic, hydrophobic and oleophobic moieties depend on the nature of those moi- 
eties. For example, sulfonic acid salts are more hydrophilic than polyethylene glycol moieties and therefore 
less sulfonic acid salt will be required than for the polyethylene glycols. Similarly, methyl groups are less hy- 
drophobic than octyl groups and therefore substantially more methyl groups are required to balance the prop- 
erties.. 

To maximize the protective and cleanability properties on porous substrates while maintaining the advan- 
tage of an aqueous delivery system, it is essential that the compound of the present invention contain at least 
one hydrophilic, one hydrophobic and one oleophobic group. While all three groups can be present on one por- 
tion of the molecule (i.e., the connective group X), oil and water repellency properties can also be achieved 
with the various functional groups being distributed over other portions of the molecule (i.e., attached to the 
pendent group Y). Additionally, the presence of two or more functional groups of a particular type does not 
adversely impact upon the repellency and cleanability properties, and is frequently desired, to achieve optimal 
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oil and water repellency properties. 

The organosilane compounds of the present invention can be made in a variety of ways. However, it is 
preferred to prepare them through a Michael addition reaction between an aminoalkyl alkoxy silane and a re- 
active olefinic functionality connected to the hydrophilic, hydrophobic and/or oleophobic groups. If desired, the 
5 mixture can either be further reacted with isocyanates to produce an oligomeric material having hydrophilic, 
hydrophobic and oleophobic containing groups or it can be dispersed in water prior to the oligomerization proc- 
ess. 

The compounds of the present invention can be delivered as a neat material, diluted with a solvent, or pre- 
ferably as an aqueous dispersion. If a solvent(s) is used as a vehicle to deliver the compounds of the present 

10 invention, the solvent(s) can be used alone or in conjunction with water. Suitable solvents include alcohols, 
ketones, esters, hydrocarbons and the like. When used in conjunction with water, the solvents are preferably 
water miscible. If the compounds are delivered as an aqueous dispersion or if they are diluted with a solvent, 
the amount of each compound and delivery vehicle can vary over a broad range and can be selected to provide 
the desired protection and cleanability on the treated porous substrate. In general, it is preferred that the dis- 

15 persion should comprise from about 1 to about 40 percent by weight compound and from about 60 to about 99 
percent by weight of the water and solvent 

Porous substrates are treated with the compounds of the present invention by applying sufficient amounts 
of the compounds to the substrate to produce the desired cleanability and repellency properties. Preferably, 
the compounds are applied as a 20% solids dispersion at a coverage rate of 0.025 1/m 2 (1 gallon per 125 square 

20 feet). Once applied, the compounds are allowed to penetrate the porous substrate. The water or solvent is al- 
lowed to evaporate and the compound is allowed to react, at least in part, on, with, and/or within the porous 
substrate. 

If desired, distinct precursors having oleophobic functionality, hydrophobic functionality and the hydrophilic 
functionality can be applied to the porous substrate and allowed to condense in situ to form the compound of 
25 the present invention. If condensation is partial, the compound will necessarily coexist with any unreacted pre- 
cursors. 

TEST METHODS 

30 Oil Repellency 

The oil repellency of treated test cubes is measured by applying a drop of mineral oil (50-200 centipoise 
viscosity) and/or motor oil (S.A.E. 30 weight) to the surface of treated concrete and/or mortar cubes while meas- 
uring the contact angle and observing the beading or spreading of the drop. The oil drop is allowed to remain 
35 on the masonry surface for 5 minutes, after which it is removed from the surface by blotting with a paper towel. 
The surface is subsequently examined for any indication of staining or discoloration. A scale of 0 - 5 is used 
to provide a subjective rating of the treated cube. Higher numbers indicate better oil repellency. 0 indicates 
complete wetting of the test cube surface and substantial staining or discoloration and 5 indicates beading of 
the oil drop and no significant staining or discoloration. In general, an oil repellency of 4 or higher is desired. 

40 

Oil Cleanability 

Oil cleanability is the ability to remove oily stains or discoloration from a treated masonry surface. It is 
measured by placing a masonry test cube which had been previously treated with a repelling compound and 

45 allowed to cure for seven days at ambient conditions, in approximately 1/8 inch of used diesel oil (Pennzoil™ 
S.A.E. 30 used for approximately 2000 miles in a General Motors 5.7 liter V8 diesel engine) for a period of 24 
hours. The stained test cube is then cleaned with a commercially available masonry degreaser (such as Titan- 
oil Flow, available from Titan Chem., Inc., Sunnyvale, CA) according to the manufacturer's directions and al- 
lowed to dry. Each test cube was subjected to a series of fourstaining/degreasing cycles with a three day drying 

so period between each cycle. The degree of discolorization is rated on a subjective scale of 0 - 5. 0 indicates 
severe staining and 5 indicates no discoloration. In general, an oil cleanability rating of 4 or higher is desired. 

Water and Salt Barrier Properties 

55 The water and salt barrier properties of treated test cubes are evaluated according to the test identified 

as Test NCHRP 244 Test and described in the National Cooperative Highway Commission (NCHRP) report # 
244, Series 11, available from the Transportation Research Board National Academy of Sciences, 2101 Con- 
stitution Ave. NW, Washington, DC 20418. The test provides a relative value of a treated sample's resistance 
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to water and salt challenges. 

treated cubes are then soaked in a 1 w fJw t ] !. ° * 3% relative humidil y for seven The 

Performance is",^ * 
Percent Reduction = 1 00(1 - Atest cube/ Astd. cube) where- 
Atest cube - percent weight gain of test cube, and ' 

Asto. cube = percent weight gain of untreated control cube 

Paint Cleanability Properties 

deanatltfp^ repeiling agent to protect a surface fro. paint. The paint 

Tapearetrea P ted P w ft ha epeCS 

and allowed to dry for 24 hours 3M Brand S!?, t f,atbl ^ Spraypaintlss P ra y ed °ntheunmaskedportion 
with a rapid even motion The V^smZJl T n " ^ * the Painted Surface and re ^ed 
treated test cubes tested Mr JJi^Sl," ^ ** reSidual paint and to un- 

Test Samples 

The concrete and mortar cubes (2" X 2" X r»t t« C r oo mn u« 
1: es \z a 2 X 2 ) test samples were prepared from the mix shown in Table 





TABLE 1 




Concrete Mix (Ibs./yd 3 ) 


Mortar Mix (% by wt.) 


Description 


Cement 


564 


1 


Regular Type I Portland Ce- 








ment (ASTM:C1 50) 


Admixture 


5.0 oz 




Air-Entraining Agent, 








(ASTM:C260) 


Fine Aggregate 


1,210 


2.744 


Sand, (ASTM:C33) 


Coarse Aggregate 


1,850 




Gravel (ASTM:C33) 


(3/4 w -#4) 






Water 


265 


0.547 






Water/Cement Ratio 


0.47 






Air Content (calc) 


6% 







to Table 2. ^' " ,e * sured «°">P'e*»»e slrength after 7 and 28 days is reported tetow 
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TABLE 2 



Compressive Strength (psi) 




Concrete Mix 


Mortar Mix 


7 Days 
28 Days 


3,380 
4,580 


4,060 
4,820 



Subsequent to the 28 day cure and prior to being treated with a sealer, the test cubes were lightly sand- 
blasted to remove loose, flaky particulate materials. 

Example 1 

Adduct 1 

An adduct which was a Michael reaction product of a hydrophobic group, isooctyl acrylate (IOA), and a 
connecting group, aminopropyl triethoxy silane (APS), was prepared by stirring a homogeneous mixture of IOA 
(890 gms., 5.2 moles), and APS (1000 gms., 4.5 moles, available from Union Carbide, Danbury, CT) at room 
temperature for approximately 48 hours. 

Adduct 2 

An adduct which was a Michael reaction product of a hydrophilic containing group, polyethylene glycol dia- 
crylate (PEGDA) and a connecting group, aminopropyl triethoxy silane (APS), was prepared by stirring a ho- 
mogeneous mixture of PEGDA (1025 gms., 2.0 moles, Sartomer344, available from SartomerCo., Westches- 
ter, PA) and APS (892 gms., 4.03 moles) at room temperature for approximately 48 hours. 

Adduct 3 

A partial perfluoro sulfonyl ester of the PEGDA/APS Michael addition product which contained an oleo- 
phobic group was prepared by adding perfluorooctyl sulfonyl chloride, the oleophobic group, (150 gms., 0.28 
mole, prepared according to U.S. Pat. No. 3,427,336) to Adduct 2 (150 gms., 0.16 mole, 0.32 eq.) in isooctyl 
trimethoxy silane (300 gms., VP 1316, available from Wacker Chemical, Adrian, Ml) under a N 2 atmosphere. 
The reaction was cooled in an ice bath and the sulfonyl chloride added over a period of approximately 10 min- 
utes with vigorous stirring. On completion of the sulfonyl chloride addition the reaction mixture was allowed to 
warm to room temperature and stirred, under a N 2 atmosphere, for approximately 16 hours. 

Premix 1 

Adduct 1 (35 gms., 0.09 moles) and Adduct 3 (50 gms.) in isooctyl trimethoxy silane (50 gms.) were mixed 
to produce a premix (Premix 1 ) comprising a mixture of alkoxy silane-functional moieties containing hydrophilic, 
hydrophobic and oleophobic functional groups. Premix 1 was dispersed in water prior to application to siliceous 
surfaces. Alternatively, the Premix 1 can be further reacted to produce an oligomeric material containing hy- 
drophilic, hydrophobic and oleophobic functional groups. 

Adduct 4 

An oligomeric silane adduct (Adduct 4) containing hydrophilic, hydrophobic and oleophobic functional 
groups lightly cross-linked by polyurea linkages was prepared by adding hexamethylene diisocyanate ( 5.0 
gms., 0.03 moles, available from Mobay Corporation, Pittsburgh, PA) to Premix 1 (67.5 gms.) and vigorously 
stirring the reaction mixture for 24 hours at ambient conditions. 

Dispersion 1a 

Twenty gms. of Premix 1 were added to water (80 gms.) with mild agitation to produce a dispersion (Dis- 
persion 1a, 20% solids) which maintained its stability for several hours without additional agitation. The dis- 
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5 Dispersion 1b 



10 



15 



20 



25 



35 



EXAMPLE 2 

Adduct 5 



lane, the connecting group (APS) was DrenaiJ h„ c«rriU . ! 7 } " d amino P r °Py | "ethoxy si- 



Premix 2 



g «^ 9 :f; d ^ ~, and oleophobic funcuonal 

0.05 moles) in feooctyl trimethoxy sSe (SC I o^Tt ^ J ^ ^ ^ MduCt 2 < 35 Su- 
tures to produce a premix (PreZ 2) * ' ° ^ ** a ^ roximate| y 3 >«" - ambient tempera- 



30 Adduct 6 



groups" iSTltLt^^tr 1 ? COntaini " 9 hydr0Phi,iC " hydr ° Ph0biC and functona, 
rtrnng the reaction mixture for 24 hours at ambient condttions ( 9 8 ° ^ V ' 90rOUS,y 



Dispersion 2a 



40 



perature for approximately seven dare afleLXh nl . '~Z ' ^ ' a "° W ™ 1 10 " """^ ta "- 



45 Dispersion 2b 



50 



55 



approximately seven rJareSr S ftr^f ' ^ al) T ,0 c °" at *>"WaP»e for 
deeoaMay^or™^^ 

COMPARATIVE EXAMPLE 1 



< 
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Comparative Example 1a 

Adduct 5 (20 gms.) was diluted with ethyl alcohol (80 gms.), the resulting solution applied to concrete and 
mortar cubes at a coverage rate of 0.025 m 2 /l (125 ft 2 /gal) and allowed to cure at room temperature for approx- 
5 imately seven days, after which the cubes were evaluated for oil and water repellency properties and clean- 
ability performance as previously described. 

The compound which contained only oleophobic groups, displayed some oil repellency properties, but 
showed minimal water barrier properties and poor cleanability. 

10 Comparative Example 1b 

A premix (Premix 3) containing a mixture of silane or alkoxy silane functional moieties having hydrophobic 
and oleophobic functional groups consisting of Adduct 5 (35 gms., 0.047 moles), Adduct 1 (50 gms., 0.13 moles) 
and isooctyl trimethoxy silane (50 gms.) was prepared by stirring the mixture for approximately 3 hours at am- 
is bient temperatures. A dispersion could not be prepared from this premix because it lacked a hydrophilic func- 
tional group, so 20 gms. of the premix was diluted with ethyl alcohol, the solution applied to concrete cubes 
at a coverage rate of 0.025 m 2 /l (125 ft 2 /gal) and allowed to cure at room temperature for approximately seven 
days, after which the cubes were evaluated for oil and water repellency properties and cleanability perfor- 
mance as previously described. Treated samples failed the cleanability test. 

20 

Comparative Example 1c 

A premix (Premix 4) containing a mixture of silane or alkoxy silane functional moieties having hydrophilic 
and oleophobic functional groups consisting of Adduct 2 (25 gms.) and Adduct 3 (25 gms.) was prepared by 
25 stirring the mixture for approximately 3 hours at ambient temperatures. Twenty grams of the resulting premix 
were added to water (80 gms.) with vigorous agitation to produce a dispersion (20% solids) which was applied 
to concrete cubes at a coverage rate of 0.025 m 2 /l (125 ft 2 /gal). The cubes were evaluated for oil and water 
repellency properties and cleanability performance after curing at room temperature for approximately seven 
days. The water repellency properties were low for the test cubes. 

30 

Comparative Example 1d 

A premix (Premix 5) containing a mixture of alkoxy silane functional moieties having hydrophilic and oleo- 
phobic functional groups consisting of Adduct 2 (25 gms.) and Adduct 5 (25 gms.) was prepared by stirring the 
35 mixture for approximately 3 hours at ambient temperatures and tested as described in Example 1 c. The water 
repellency properties were low for the test cubes. 

Comparative Example 1e 

40 A conventional silane treatment composition which contained hydrophobic functional groups was prepared 

in the following manner. A 20% solids solution of isooctyl trimethoxy silane in mineral spirits was applied to 
concrete and mortar test cubes at a coverage rate of 0.025 m 2 /l (125 ft 2 /gal) and allowed to cure at room tem- 
perature for approximately seven days, after which the cubes were evaluated for oil and water repellency prop- 
erties, paint protection and cleanability performance. The test results reported in Tables 3 and 4 indicate that 

45 the oil repellency, paint protection and cleanability are unsatisfactory. 

EXAMPLE 3 

A silane terpolymer containing hydrophilic, hydrophobic and oleophobic functional groups was prepared 
50 by the free radical polymerization of acrylic acid, trimethoxysilylpropyl methacrylate, 2-methyl hexyl metha- 
crylate, and N-ethyl perf luorooctyl sulfonamide acrylate. Thus, a mixture of toluene (30 gms.), isopropanol (30 
gms.), mercapto acetic acid (1.5 gms.), azobisisobutyronitrile (0.6 gms.), acrylic acid (5.0 gms. 0.07 moles), 
trimethoxysilylpropyl methacrylate (1 0.0 gms., 0.04 moles), 2-ethylhexyl methacrylate (25.0 gms., 0.14 moles, 
available from Aldrich Chemical Co.), and N-ethyl perfluorooctyl sulfonamide acrylate (5.0 gms., 0.01 moles) 
55 was heated at 60°C (140°F), with stirring and under a N 2 atmosphere, for approximately 16 hours. Solvents 
were removed from the reaction mixture using a rotary evaporator (Buchi, Model 121) and water aspirator va- 
cuum to produce a viscous polymer oil. A stable dispersion of the polymer was prepared by mixing a portion 
of the terpolymer (10 gms.) with isooctyl trimethoxy silane (10 gms.) and adding the resulting mixture to water 
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(79 gms.) containing NaOH (1.0 gm.) with vigorous agitation. The dispersion was applied to concrete and mor- 
tar test cubes at a coverage rate of 0.025 m 2 /! (125 ft 2 /gal) and allowed to cure at room temperature for ap- 
proximately seven days, after which the cubes were evaluated for oil and water repellency properties and clean- 
ability performance. The test results are reported in Table 3. 

COMPARATIVE EXAMPLE 2 

A sample of a silane compound which contained hydrophobic and hydrophilic functional groups was pre- 
pared in the following manner. A mixture of alkoxy silane functional moieties containing hydrophilic, and hy- 
drophobic functional groups consisting of Adduct 1 (35 gms., 0.09 moles) and Adduct 2 (50 gms., 0.05 moles) 
in isooctyl trimethoxy silane (50 gms.) was stirred the under a N 2 atmosphere for approximately 12 hours at 
ambient temperatures. The resulting mixture was oligomerized by adding hexamethylene diisocyanate (5.0 
gms., 0.03 moles) to the adduct and vigorously stirring the reaction mixture for 24 hours at ambient conditions 
to produce an oligomer containing hydrophilic and hydrophobic functional groups lightly cross-linked by poly- 
urea linkages. 

A portion of the reaction mixture (20 gms.) was then added to water (80 gms.) along with agitation of suf- 
ficient intensity to produce a dispersion (20% solids) which maintained its stability for several hours without 
additional agitation. The dispersion was applied to concrete and mortar test cubes at a coverage rate of 0.025 
m 2 /! (125 ft 2 /gal) and allowed to cure at room temperature for approximately seven days, after which the cubes 
were evaluated for oil and water repellency properties and cleanability performance. 



TABLE 3 



Example 


Water Repellency 


Oil Repellency 


Cleanibility 




Days Immersed 








1 


3 


7 


14 


21 






1a 


93 


83 


80 


70 


62 


5 


4 


1b 


96 


94 


88 


82 


78 


5 


5 


2a 


90 


83 


80 


74 


68 


4 


4 


2b 


94 


89 


84 


77 


72 


5 


5 


3 


94 


90 


85 


79 


76 


5 




Com p. 1e 


94 


91 


86 


80 


75 


0 


0 


Comp. 2 


93 


86 


82 


79 


76 


0 


2 



TABLE 4 



Example 


Paint Cleanability 


1b 


Residual paint deep in sample pores 


Comp. 1e 


No paint removed 


Untreated Sample 


No paint removed 



In general, cubes treated with the compounds of the present invention performed better than those not 
treated. Cubes treated with the compounds of the present invention exhibited good repellency properties, paint 
protection and oil and paint cleanability for both waterbased and oilbased challenges. Exclusion of hydrophobic 
moieties lowered the water repellency properties of treated cubes. Similarly, the exclusion of oleophobic moi- 
eties decreased the oil repellency properties of the treated cubes to 0. Moreover, compounds lacking hydro- 
philic and oleophobic functional groups did not protect treated substrates from paint challenges. 

In summary, novel organosilane compounds which are capable of imparting repellent properties as well 
as enhancing cleanability properties of porous substrates have been described. Although specific embodi- 
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ments and examples have been disclosed herein, it should be borne in mind that these have been provided 
by way of explanation and illustration and the present invention is not limited thereby. Certainly modifications 
which are within the ordinary skill in the art are considered to lie within the scope of this invention as defined 
by the following claims including all equivalents. 



Claims 

1. An organosilane compound derived from reactive precursors comprising the formula: 

(Rl)a(R2)b(R3)cXSi(Z) n f(Y)Si(R 4 ) d (R 5 )e(R6)fL 

where: 

Ri is a group containing at least one hydrophilic functionality; 

R 2 is a group containing at least one hydrophobic functionality; 

R 3 is a group containing at least one oleophobjc functionality; 

R4 is a group containing at least one hydrophilic functionality; 

R 5 is a group containing at least one hydrophobic functionality; 

Re is a group containing at least one oleophobic functionality; 

X is a connective moiety; 

Y is a second connective moiety 

2 is H, OH or a moiety hydrolyzable to OH; 

m and n are 0, 1, 2, or 3 and m + n = 3; 

a is 0, 1, 2, or 3; 

bis 0, 1,2, or 3; 

cisO, 1, 2,or3; 

where m=0, a, b, c, ^ 1 

where m^1, 

dis 0,1,2 ; 

e is 0, 1, 2 ; 

f is 0, 1,2 ; 

a + b + c + d + e + f^3, where 
a + d = 1 or more; 
b + e = 1 or more; and 
c + f = 1 or more. 

2. The compound of Claim 1 wherein said X is selected from the group comprising an aliphatic group con- 
taining a multHigand hetero atom, an aliphatic group or an aromatic group. 

3. The compound of Claim 1 wherein said R 2 and R5 are selected from hydrophobic groups containing an 
aliphatic or an aromatic group. 

4. The compound of Claim 1 wherein said and R4 are selected from a hydrophilic groups comprising hy- 
drophilic groups containing oxygen, hydrophilic groups containing sulfur, hydrophilic groups containing ni- 
trogen and combinations thereof. 

5. The compound of Claim 1 wherein said R 3 and Re are f luorinated aliphatic groups. 

6. The compound of Claim 1 wherein said Z is a halogen. 

7. The compound of Claim 1 wherein said Z is represented by the formula: 

OR 9 

wherein R 9 is selected from the group comprising a hydrogen, an aliphatic group, a silane or a silicone 
atom. 

8. The compound of Claim 1 wherein said Y is selected from a group comprising an oxygen or a siloxane, 
said siloxane comprising: 

(R 7 )(R*)(SiO) q 

where q is 1,2,..., and wherein said R 7 and Re are selected from a group comprising a lower alkyl, f luor- 
inated lower alkyl or aromatic group. 



10 



15 



20 
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9. The compound of Claim 2 wherein said X comprises at .east one nitrogen containing a.iphatic group. 

10. The compound of Cairn 1 wherein said compound is derived from a mbcture of reacts precursors. 

11. The compound of Cairn 1 wherein said compound is derived from independency appiied precursors. 

1Z %™Z^ZZ* ng porous subsfrates 10 repe ' water and - based cha,le ^ - * p- 



a. an organosilane as claimed in any one of claims 1 to 11 and 

b. water. 



a. an organosilane as claimed in any one of claims 1 to 11 and 

b. solvent. 



25 



a. applying »r , orgsnosiane compound as elaimed in any one of claims 1 to 11 and 
"""""» ""Po-nd » penetrate said article and to oure. 

11 SEtTSSST " fJr,he ' C0,n[ * 1SlnS sa« cocopoond In .„ ecpteoas sotudon 
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